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[001] MET HOD FOR CONTROLLING A DRIVETRAIN IN A MOTOR VEHICLE ^ 
[002] 

[003] 

[004] The invention concerns a method for controlling the drivetrain in a vehicle, 

of the type defined in more detail in the preamble of claim 1 . 

[005] 

[006] From prior practice drivetrains of vehicles, in particular off-road vehicles, 

are known, which comprise a drive engine, a multi-range transmission and a drive 
output. The incorporation of a multi-range transmission enables several gear 
speeds to be made available with the fewest possible gear wheel pairings. 

[007] In practice, a multi-range transmission consists of a combination of several 

transmission units, such as a so-termed upstream reduction gear group, a main 
transmission and a downstream group or range transfer box. To provide good 
shifting comfort and as many speed shifts as possible, the main transmission is 
preferably made as an automatic transmission, for example with six forward 
speeds and one reverse. The combination of such an automatic transmission with 
a range transfer box downstream therefrom extends the gear-speed sequence of 
a multi-range transmission consisting of a main transmission and a range transfer 
box. 

[008] As a transmission unit, a range transfer box is characterized in that an input 

rotation speed of the range transfer box is always converted to "slow". Moreover, 
it is characteristic of a range transfer box that in the range transfer box a torque 
increase takes place so that vehicles or off-road vehicles can still be driven even 
on steep slopes. Owing to the large torque increase, range transfer boxes are 
always connected downstream from a main transmission, which avoids the transfer 
of high torques through the main transmission itself. 

[009] In practice, range transfer boxes are made as reduction gear systems or 

compact planetary gear sets. The transmission ratio in a range transfer box is 
changed by way of shift elements with which the ratio is shifted between a first 
range ("low") and a second range ("high"). When the first ("low") range is engaged 



-2- 

in the range transfer box in combination with the main transmission, this provides 
the driver with a transmission ratio range that is advantageous for the operation of 
a vehicle on land with steep slopes at low vehicle speeds. 
[010] The second ("high") transmission range of the range transfer box is less 

affected by losses, so that when driving over normal territory and also at higher 
driving speeds the second ("high") range is preferably engaged in the range 
transfer box. 

[01 1] When shifting between the two transmission ranges "low" and "high" of the 

range transfer box, synchronization of the shift elements of the range transfer box 
to be engaged for the respective "low" or "high" range desired is necessary, since 
owing to the large ratio change in the range transfer box between shift elements 
to be disengaged and ones to be engaged, large differential rotation speeds exist. 
These speed differences are equalized by suitable synchronization means, which 
in the range transfer box can either be made as separate components or 
integrated in the shift elements of the range transfer box. In the latter case, 
the shift elements are usually made as frictional disk clutches or disk brakes. 

[012] This has the disadvantage, however, that range transfer boxes constructed 

with separate mechanical synchronization means or with frictional shift elements 
comprise large components and take up a lot of structural space, since they have 
to be made appropriately robust because of the high stressing of the components 
during synchronization. Furthermore, separate mechanical synchronization means 
or frictional shift elements incur high manufacturing costs, and this is 
uneconomical. 

[013] Accordingly, the purpose of the present invention is to provide a method for 

controlling the drive train of a vehicle with which the transmission ratio of a range 
transfer box can be changed by way of a more compact and less costly structure. 

[014] According to the invention this objective is achieved by a method according 

to the characteristics of claim 1 . 

[015] 
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[016] When a transmission ratio of the range transfer box is changed, 

synchronization of a shift element of the range transfer box to be engaged is 
carried out by the control of shift elements of the automatic transmission; in an 
advantageous way, there is no longer any need for mechanical synchronization 
means to be provided in the range transfer box itself-whether as separate 
components or integrated in shift elements of the range transfer box. This makes 
it possible to construct a range transfer box which is of considerably simpler design 
compared with the multi-range transmissions known from the prior art, such that 
the range transfer box takes up less structural space. 

[017] Furthermore, synchronization of the range transfer box by the automatic 

transmission, when the transmission ratio of the range transfer box is changed, 
offers the advantage that shift elements of the range transfer box can be made as 
positive interlocking shift elements, preferably as claw-type clutches, by way of 
which high torques can be transferred but which take up little structural space and 
incur low manufacturing costs. 

[018] In addition, it is advantageous that the omission of mechanical 

synchronization means in the range transfer box reduces drag torques of opened 
mechanical synchronization means and the evolution of heat in the range transfer 
box is substantially reduced. Drag torques occur in mechanical synchronization 
systems essentially because of the fluid friction that takes place between the 
friction linings of frictional clutches or brakes, caused by oil. 

[019] A further substantial advantage of the method according to the invention, 

is that owing to the synchronization of the range transfer box by the automatic 
transmission, the traction force interruption time is considerably reduced compared 
with the methods known from prior practice, since a drive input speed of a drive 
engine can be changed as necessary by appropriate actuation of shift elements 
of the automatic transmission, in a simple manner and in a short time. 



[020] 

[02 1 ] Other advantages and advantageous further developments of the invention 

emerge from the claims and from the example embodiments whose principle is 

described below with reference to the drawing, which shows: 
[022] Fig. 1 is a schematic representation of a drivetrain with a drive engine, a 

starting element and a multi-range transmission consisting of an automatic 

transmission and a range transfer box; 
[023] Fig. 2 is a schematic representation of an automatic transmission selector 

lever, having an off-road position; 
[024] Fig. 3 is a bar diagram in which transmission ratios of a multi-range 

transmission are shown as a function of transmission ratios of an automatic 

transmission and a range transfer box; 
[025] Fig. 4 is a diagram showing, in each case, a variation of vehicle speed as 

a function of the rotation speed of a drive engine for individual gear-steps of the 

multiple-range transmission of Fig. 3; 
[026] Fig. 5 are several variations of the torques imposed on components of the 

drivetrain of Fig. 1 during a transmission ratio change in the range transfer box of 

the multi-range transmission; 
[027] Fig. 6 is a rotation speed-speed diagram with several variations that 

correspond to the torque variations shown in Fig. 5; 
[028] Fig. 7 is another example embodiment of an automatic transmission 

selector lever, which is combined with a selection switch for the preselection of a 

transmission range in the range transfer box; 
[029] Fig. 8 is a bar diagram showing various gear-steps of a multi-group 

transmission that can be controlled by means of the automatic transmission 

selector lever and selector switch according to Fig. 7; 
[030] Fig. 9 is a diagram showing, for individual gear-steps of the multi-range 

transmission of Fig. 8, in each case a variation of a vehicle speed as a function of 

the rotation speed of a drive engine; 



-5- 

[031] Fig. 10 are several variations of the torques imposed on the drivetrain of 

Fig. 1 during the transmission ratio change represented schematically in Fig. 9 in 
the range transfer box of the multi-range transmission; and 

[032] Fig. 11 are several speed variations of components of the multi-range 

transmission, which correspond to the torque variations of Fig. 10. 

[033] 

[034] Referring to Fig. 1 , a drivetrain 1 of a vehicle (of which no more is shown), 

in particular an off-road vehicle, is represented very schematically. In this case, 
the drivetrain 1 consists of a drive engine 2, a starting element 3 and a multi-range 
transmission 4. The drive engine 2 is an internal combustion engine whose drive 
torque m_mot is transferred via an output shaft 5 to the starting element 3 made 
with a hydrodynamic torque converter 6. In addition, the starting element 3 is 
formed with a converter clutch 7, with which the hydrodynamic torque converter 
can be bypassed. 

[035] The multi-range transmission 4 connected in series downstream from the 

starting element 3 is, in this case, formed by an automatic transmission 8 and a 
downstream range transfer box 9; the automatic transmission 8 constituting the 
main gear system of the multi-range transmission 4. 

[036] This gear combination of the present multi-range transmission 4 consists 

of the change-under-load automatic transmission 8 and a claw-actuated 
transmission group with a reduction step, namely, the automatically actuated range 
transfer box 9. This transmission combination is provided with an electronic 
control system consisting of an automatic transmission control unit, a range 
transfer box control unit and an engine control unit. 

[037] These three control units (not shown) are interlinked and exchange between 

them the signals required for the control of the drivetrain 1. By virtue of the 
coordinated control of the automatic transmission 8 and the range transfer box 9, 
the claw-actuated range transfer box 9 is synchronized via the automatic 
transmission 8 during a ratio change in the range transfer box 9. 
The synchronization of the range transfer box 9 or its respective shift elements to 
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be engaged takes place by appropriate control of shift elements A to E of the 
automatic transmission 8. 
[038] The automatic transmission 8 comprises a first planetary gear set 10, an 

annular gear wheel 1 1 of this first planetary gear set 10 being connected to the 
starting element 3. Several planetary gears roll between the annular gear 
wheel 11 and a solar gear wheel 12 of the first planetary gear set 10 and are 
mounted to rotate on a planetary gear wheel support 1 3. The planetary gear wheel 
support 13 of the first planetary gear set 10 is connected to a shift element A and 
a shift element B, the shift elements A and B being in the form of frictional disk 
clutches. 

[039] The annular gear wheel 1 1 of the first planetary gear set 10 is connected 

to a shift element E formed as a frictional disk clutch. Via the shift elements A, B 
and E, a connection can be produced between the first planetary gear set 10 and 
a second planetary gear set 14 formed as a double planetary gear set, the latter 
corresponding essentially to a Ravigneaux planetary gear set. 

[040] The second planetary gear set 1 4 comprises a first solar gear wheel 1 5 and 

a second solar gear wheel 1 6, such that between the first solar gear wheel 1 5 and 
a common annular gear wheel 17, and between the second solar gear wheel 16 
and the common annular gear wheel 17 in each case several planetary gears run, 
which are mounted to rotate on a first planetary gear support 18 or a second 
planetary gear support 19 of the second planetary gear set 14. 

[041] The solar gear wheel 12 of the first planetary gear set 10 is set in a fixed 

position in a transmission housing 20 of the automatic transmission 8. The second 
solar gear wheel 16 of the second planetary gear set 14 is preferably connected 
to the transmission housing 20 via a shift element C made as a frictional disk 
clutch. Furthermore, the second planetary gear support 19 of the second 
planetary gear set 14 can be connected via a shift element D made as a frictional 
disk brake to a component arranged in a fixed position in the transmission 
housing 20 or to the transmission housing 20 itself. 

[042] The common annular gear wheel 1 7 of the second planetary gear set 1 4 is 

connected to a solar gear wheel 21 of the range transfer box 9, and between the 
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solar gear wheel 21 and an annular gear wheel 22 of the range transfer box 9 run 
several planetary gears, which are mounted to rotate in a planetary gear 
support 23 of the range transfer box 9; this, in turn, being connected to the drive 
output. 

[043] To produce a first, "low" range of the range transfer box 9, the annular gear 

wheel 22 of the range transfer box 9 can be connected to a transmission 
housing 20A of the range transfer box 9 by way of a first shift element 24, so that 
the annular gear wheel 22 is connected to the housing 20A of the range transfer 
box 9 and cannot rotate. A second, "high" range of the range transfer box 9 is then 
engaged if the first shift element 24 is opened or disengaged, and a second shift 
element 25 of the range transfer box 9 arranged between the annular gear 
wheel 22 and the planetary gear support 23 is closed, so connecting the annular 
gear wheel 22 to the planetary gear support 23. 

[044] By way of an automatic transmission selector lever 26 illustrated in Fig. 2, 

a driver can select various modes. For this, various positions "O", "P", "R", "N" and 
"D" of the automatic transmission selector lever 26 are possible, which are 
recognizably separated from one another for the driver by a click-stop system. In 
the "O" (Off-road) and the "D" (Drive) positions of the automatic transmission 
selector lever 26, in each case the driving direction of the vehicle selected is 
"Forward". The "P" (Park) position is engaged when the vehicle is stationary, the 
drive output of the vehicle then being blocked. The "R" (Reverse") position is 
selected in order to engage a reverse gear and, in the "N" (Neutral) position, 
the force flow of the drivetrain 1 from the engine 2 to the vehicle's drive output is 
interrupted in the area of the multi-range transmission 4. 

[045] The positions "O" and "D" or the associated functions of the automatic 

transmission selector lever 26 for forward driving differ in that when the selector 
lever is in position "D" the "high" range is engaged in the range transfer box 9 and, 
as shown in Fig. 3, six speeds of the multi-range transmission 4 are available for 
driving, namely "lll-H", "IV", "V", "VI", "VII" and "VIM", depending on a ratio "A1", 
"A2", "A3", "A4", "A5" or "A6" of the automatic transmission 8. The overall 
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transmission ratio of the multi-range transmission 4 then adopts values in a range, 
for example, of 4. 1 7 to 0.69. 

[046] A shift between the individual speeds "lll-H", "IV", "V", "VI", "VII" and "VIII" 

of the multi-range transmission 4 takes place in each case by changing the ratio 
of the automatic transmission 8, which preferably takes place in accordance with 
a specified or selected shifting program, for example, a program stored in the 
control unit of the multi-range transmission 24 or of the automatic transmission 8. 

[047] If a driver selects position "O" using the automatic transmission selector 

lever 26, apart from the speeds "lll-H", "IV", "V", "VI", "VII" and "VIII" three further 
gear-steps "I", "II" and "lll-L" can be engaged via the multi-range transmission 4. 
The gears "I", "II" and "lll-L" are only available when the "low" range is set in the 
range transfer box 9 and, in the automatic transmission 8, a respective 
first ratio "A1", a second ratio "A2" or a third ratio "A3" is engaged. 
The transmission ratio of the multi-range transmission 4 then adopts values 
between, for example, 11.3 and 0.69. 

[048] Furthermore, when the automatic transmission selector lever 26 is in the "O" 

position, a change of the range of the range transfer box 9 from "low" to "high" 
takes place automatically at a certain operating point of the drivetrain as a result 
of an operating strategy which is superimposed over whichever shift program is 
activated. At the same time, in the automatic transmission the ratio "A3" is shifted 
to ratio "A1 ". The shift processes of the multi-range transmission 4 are carried out 
fully automatically by appropriate control of the automatic transmission 8 and the 
range transfer box 9, making things easier for the driver of the vehicle. 

[049] Moreover, the selection of the "low" or "high" range in the range transfer 

box 9 is carried out by the above-mentioned superimposed operating strategy in 
such manner that "senseless" ratio combinations of the automatic transmission 8 
and the range transfer box 9 are prevented. 

[050] "Senseless" transmission ratio combinations are understood to be 

combinations of the individual ratios of the automatic transmission 8 and the range 
transfer box 9 in which there are very large rotation speed differences between the 
automatic transmission 8 and the range transfer box 9. This is so, for example, 
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when "low" is engaged in the range transfer box 9 and the ratio "A5" has to be 
engaged in the automatic transmission 8 in order to establish a transmission ratio 
of the multi-range transmission 4 called for by the shift program. 

[051] Since in a combination of a "small" ratio of the automatic transmission 8 with 

the "low" range of the range transfer box 9 very high input speeds occur in the 
latter, which result in low efficiency of the multi-range transmission 4, to produce 
a required ratio of the multi-range transmission 4 the range in the range transfer 
box 9 is changed from "low" to "high" and a "larger" ratio is automatically engaged 
in the automatic transmission to produce the required ratio of the multi-range 
transmission 4. This reduces the input speed of the range transfer box 9 and the 
range transfer box 9 is operated in "high", which considerably improves the 
efficiency of the multi-range transmission 4. This, in turn, leads to reduced heat 
production in the range transfer box 9 and to reduction of the fuel consumption of 
the vehicle or its engine 2. 

[052] To carry out a shift or range change of the range transfer box 9 with the 

shortest possible traction force interruption time, the change is carried out during 
very well-defined operating conditions of the multi-range transmission 4 or 
drivetrain 1. 

[053] Fig. 3 shows a bar diagram in which the height of the bars indicates a 

quantitative value of the transmission ratio of the multi-range transmission 4. 
The ratio of the multi-range transmission 4 is determined in each case by the 
combination of the transmission ratios of the automatic transmission 8 and of the 
range transfer box 9, and corresponds respectively to the various speeds "I", "II", 
"lll-L", "lll-H", "IV", "V", "VI", "VII" and "VIII" of the multi-range transmission 4. 

[054] In this, it is significant that thanks to an appropriate progression in the 

automatic transmission 8 and the range transfer box 9, the ratios of the gear- 
steps "lll-L" and "lll-H" of the multi-range transmission 4 are approximately equal. 
Like all the other gear-steps of the multi-range transmission 4, so too the 
steps "lll-L" and "lll-H" are set by a particular combination of the ratios of the 
automatic transmission 4 and the range transfer box 9. In step "lll-L" of the multi- 
range transmission 4, the ratio "A3" is engaged in the automatic transmission 8 
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and, at the same time, the "low" range is engaged in the range transfer box 9. 
In contrast, in step "lll-H" of the multi-range transmission 4 the ratio "A1" is 
engaged in the automatic transmission 8 and the "high" range is engaged in the 
range transfer box 9. 

[055] When position "O" of the automatic transmission selector lever 26 is 

selected in the presence of a given operating condition, a shift takes place in the 
range transfer box 9 from "low" to "high" range or vice-versa. In Fig. 4, an example 
of this operating condition is denoted by a circle 30. 

[056] Since the transmission ratio of the multi-range transmission 4 in gear- 

steps "lll-L" and "lll-H" is almost the same, the variations of vehicle speed v_fzg, 
plotted in Fig. 4 as a function of the speed n_mot of the drive engine 2, are almost 
identical. At a given vehicle speed v_fzg a rotation speed n_mot of the engine 2 
when in gear-step "lll-L", is approximately the same as the speed n_mot of the 
engine 2 in gear-step "lll-H" or vice-versa. 

[057] If the transmission range in the range transfer box 9 is changed from "low" 

to "high" in this operating condition of the drivetrain 1 , this range change can be 
carried out with a very short traction force interruption time since, during the range 
change in the range transfer box 9, the speed n_mot of the engine 2 remains 
virtually the same and only transmission-internal rotating masses in the multi-range 
transmission 4 have to be synchronized with one another. 

[058] Fig. 4 shows a rotation speed-vehicle speed diagram in which the lines 

represent a variation of vehicle speed v_fzg with the speed n_mot of the engine 2 
for the various ratios of the multi-range transmission 4. The ratios of the 
multi-range transmission 4 are in each case determined by a combination of the 
ratios of the automatic transmission 8 and of the range transfer box 9 with its two 
range steps. 

[059] The individual variations are in each case characterized by the letter "A" and 

a number "1" to "6", which together indicate the ratio engaged in the automatic 
transmission 8. In addition, the number is followed by one of the letters "H" or "L", 
respectively, representing the "high" and "low" ranges of the range transfer box 9. 
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[060] For example, the designation "A2H" means that the variation of the vehicle 

speed v_fzg it denotes is produced by a transmission ratio of the multi-range 
transmission 4 obtained by a combination of the second ratio "A2" of the automatic 
transmission 8 and the "high" range of the range transfer box 9, and which 
corresponds to gear-step "IV" of the multi-range transmission 4. 

[061 ] The engine speed-vehicle speed diagram of Fig. 4 shows that the variations 

of the vehicle speed v_fzg with the speed n_mot of the engine 2 are nearly 
identical when the ratio "A3" is engaged in the automatic transmission and at the 
same time the "low" range is engaged in the range transfer box or when the 
ratio "A1" is engaged in the automatic transmission 8 and, at the same time, 
the "high" range is engaged in the range transfer box 9. 

[062] Knowing this, it is apparent in combination with the representation in Fig. 3 

that changing the transmission range in the range transfer box from "low" to "high" 
or from "high" to "low" is particularly advantageous when, at the same time, 
the ratio in the automatic transmission is changed from "A3" to "A1" or vice-versa, 
respectively. The ratio of the multi-range transmission 4 remains substantially the 
same during this and, accordingly, a connection value of the rotation speed of the 
drive engine 2 in the desired ratio of the multi-range transmission 4, at which the 
range transfer box 9 is synchronized, is essentially the same as the speed of the 
engine 2 in the multi-range transmission ratio currently engaged. 

[063] This means that on shifting the range of the range transfer box 9, 

no adaptation of the speed of the engine 2 takes place and synchronization of the 
shift elements of the range transfer box 9 and those of the automatic 
transmission 8 to be shifted can take place independently of the engine speed and 
in a very short time, preferably in a range of 0.1 to 0.2 and, in particular, in about 
0.15 seconds. 

[064] This represents a considerably shorter traction force interruption time 

compared with conventional shift strategies known from the prior art, which result 
in shift times of half a second to one second corresponding to a considerable 
traction force interruption. 
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[065] The variations "A5L" and "A2H" of the engine speed-vehicle speed diagram 

in Fig. 4 are also nearly identical. However, the transmission ratio combination of 
the automatic transmission 8 ratio "A5" and the range transfer box 9 range "low" 
to produce the multi-range transmission 4 ratio is not selected by the operation 
strategy stored in the control unit and superimposed over the respectively activated 
shift program, because of the above-mentioned negative effects. 

[066] It is, of course, within the discretion of those with knowledge of the subject, 

to carry out a range change in the range transfer box 9 depending on the 
application situation in each case, in such manner that the change between the 
"low" and "high" ranges of the range transfer box 9 is effected, in particular, when 
the ratio "A5" or "A2" is engaged in the automatic transmission 8 and, in 
accordance with the range change in the range transfer box 9, the ratio "A2" in the 
automatic transmission 8 is shifted to "A5" or vice-versa. 

[067] Fig. 5 shows several variations of torque with shifting time t during a change 

of the transmission ratio of the range transfer box 9 from "low" to "high". Here, a 
line m_24 represents the variation of the torque on the first shift element 24 of the 
range transfer box 9 during the shift in the range transfer box 9. A line m_25 
represents the torque on the second shift element 25 of the range transfer box 9 
during the ratio change of the range transfer box 9 from "low" to "high" range. 

[068] To this corresponds a variation m_mot_e of the drive engine 2, which 

represents a specification from the control unit and is known as the so-termed 
E-Gas-Moment. The E-Gas-Moment m_mot_e is the drive torque applied on the 
engine side by the engine to the multi-range transmission 4 during the shift, 
as regulated by the control unit. In addition a line m_mot_f is shown, which 
represents the variation of a drive torque of the engine 2 called for by a driver, but 
which is not taken into account during the transmission ratio change in the range 
transfer box 9. 

[069] In accordance with the superimposed operating strategy stored in the 

control unit, if a signal is emitted that a shift should take place in the range transfer 
box 9 from "low" to "high" range, the drive torque of the engine 2 is changed in 
accordance with the variation m mot e of the E-Gas-Moment to relieve the load 
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in the drivetrain 1 until the first shift element 24, made as a claw clutch, is 
completely unburdened in accordance with the line m_24. 
[070] Then the E-Gas-Moment m_mot_e, which is held constant until the first shift 

element 24 has been fully unburdened, is changed in the direction of a positive 
value. Thereafter, the E-Gas-Moment n_mot_e is regulated to a certain value until 
the final shifting of the second shift element 25 of the range transfer box 9 also 
made as a claw clutch, which supports the synchronization of the second shift 
element 25. 

[071] From a time T_ds, i.e., the time when the second shift element 25 is shifted, 

the torque or the line m_25 representing the torque of the second shift element 25 
increases abruptly and this establishes the force flow between the engine 2 and 
the drive output of the vehicle. At the sae time, the E-Gas-Moment m_mot_e is 
adapted to the driver torque m_mot_f, and this terminates the shifting process or 
range change in the range transfer box 9. 

[072] The diagram of Fig. 6, which shows several rotation speed variations of 

various structural elements of the drivetrain 1 according to Fig. 1 during a shift in 
the range transfer box 9 and automatic transmission 8, illustrates the 
synchronization of the range transfer box 9 by the automatic transmission or its 
shift elements A to E in greater detail. In the Figure, the speeds n are plotted as 
a function of the shifting time t. 

[073] The various rotation speed variations of the individual components of the 

drivetrain 1 are, in each case, denoted by the letter n and the indexes of the 
corresponding components of the drivetrain 1 of Fig. 1 . For example, the line n is 
the speed variation of the planetary gear support 13 of the first planetary gear 
set 10. 

[074] At time T_0, when the shifting phase of the range change in the range 

transfer box 9 begins, the E-Gas-Moment m_mot_e is changed in accordance with 
the variation shown in Fig. 5. This measure, which is initiated by the control unit, 
at first has no influence on the rotation speed variations n_13, n_15, n_16, n_17, 
n_18, n_19, n_22, n_23 shown in Fig. 6 and on the variation of the engine speed 
n_mot of the drive engine 2. With increasing shift time t the torque m_24 of the 
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first shift element 24 of the range transfer box 9 is reduced to zero and the first 
shift element 24 of the range transfer box 9 is opened. 

[075] This means that the annular gear wheel 23 of the range transfer box 9 is 

released from the transmission housing 20A of the range transfer box 9 and is then 
able to turn. From that time onwards, the speed n_22 of the annular gear 
wheel 22 of the range transfer box 9 increases slowly toward the speed n_23 of 
the planetary gear support 23 of the range transfer box 9. 

[076] From a time T_3 onwards, the transmitting capability of shift elements of the 

automatic transmission 8 to be engaged and disengaged is adjusted in such 
manner that the rotation speed n_16 of the second solar gear wheel 16 of the 
second planetary gear set 14, the rotation speed n_17 of the common annular 
gear wheel 17 of the second planetary gear set 14, the speed n_18 of the first 
planetary gear support 1 8 of the second planetary gear set 1 4 and the speed n_1 9 
of the second planetary gear support 19 of the second planetary gear set 14 are 
reduced. During this the speed n_1 3 of the planetary gear support 1 3 of the first 
planetary gear set 10, the speed n__1 5 of the first solar gear wheel of the second 
planetary gear set 1 4 and the drive speed n_mot of the engine 2 remain essentially 
almost unchanged. 

[077] In combination with the specification of the E-Gas-Moment m_jnot_e, the 

control of the transmitting capability of the shift elements of the automatic 
transmission results in an approximation of the speed n_22 of the annular gear 
wheel 22 of the range transfer box 9 to the speed n_23, until the speeds n_2 
and n_23 are identical. At this point, the second shift element 25 of the range 
transfer box 9 is synchronized and can be engaged or closed. The point in 
question is shown as time T_2 in Fig. 6. 

[078] At time T_ds a position sensor detects the engagement of the second shift 

element 25 of the range transfer box 9 and the E-Gas-Moment m_mot_e is 
equalized with the driver-specified torque m_mot_f. 

[079] The diagrams of Figs. 7 to 1 1 correspond essentially to those of Figs. 2 to 6, 

respectively. With reference to Figs. 7 to 1 1 , the behavior of individual operating 
parameters of the drivetrain 1 of Fig. 1 during the transmission ratio changes of the 
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automatic transmission 8 and the range transfer box 9 is described below, the 
control of the drivetrain 1 , however, corresponding to a version of the method 
according to the invention alternative to the version described with reference to 
Figs. 2 to 6. In the description relating to Figs. 7 to 11, for the sake of clarity 
components with the same structure and function are indexed in the same way as 
in the description relating to Figs. 2 to 6. 

[080] Fig. 7 shows an automatic transmission selector lever 26 with selector lever 

positions "D", "N", "R" and "P". A selector switch 27 enabling the driver to specify 
the ranges "low" and "high" in the range transfer box 9 is combined with the 
automatic transmission selector lever 26. The selector switch 27 is coupled with 
the control unit of the drivetrain 1 in such manner that when the driver's wish is 
specified by means of the selector switch 27, the respective range "low" or "high" 
is engaged in the range transfer box 9. 

[081] Depending on the range engaged in the range transfer box 9, the individual 

gear-steps "I", "II", "III", "N", "IV", "V" and "VI" of the multi-range transmission 4 
produce the transmission ratios indicated by the bar diagram of Fig. 8. The total 
height of a bar corresponds in each case to a ratio of the individual gear-step 
"I", "II", "III", "N", "IV", "V" and "VI" of the multi-range transmission 4 when the "low" 
range is engaged in the range transfer box 9. The individual steps "I", "II", "IN", "N", 
"IV", "V" and "VI" of the multi-range transmission 4 are respectively engaged by 
means of a corresponding ratio change of the automatic transmission, such that 
the respective transmission ratios of the steps "I", "II", "III", "N", "IV", "V" and "VI" 
of the multi-range transmission depend on the range engaged in the range transfer 
box. 

[082] If the "low" range is engaged in the range transfer box 9, the ratio values 

obtained for the individual gear steps "I", "II", "III", "IV", "V" and "VI" of the multi- 
range transmission 4 are shown by the shaded bars. In other words, with the 
range transfer box 9 in "low" the multi-range transmission 4 has six speeds whose 
transmission ratios have values, for example, between 1 1 .3 and 1 .87. If "high" is 
engaged in the range transfer box 9, the multi-range transmission 4 also has six 
speeds, whose ratios have values for example between 4.17 and 0.69. 
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[083] Fig. 9 shows an engine speed-vehicle speed diagram whose principle 

corresponds to that of the diagram in Fig. 4. In addition, Fig. 10 shows several 
variations of the torque imposed on various components of the drivetrain 1 during 
a range change in the range transfer box 9 from "low" to "high". Furthermore 
in Fig. 11, several rotation speed variations of individual components of the 
drivetrain 1 of Fig. 1 during the range change in the range transfer box 9 are 
plotted as a function of shifting time t. 

[084] Below, a method for controlling the drivetrain 1 is described with reference 

to the diagrams shown in Figs. 9 to 1 1 , by means of which the range in the range 
transfer box 9 can be changed from "low" to "high" at any vehicle speed with a very 
short traction force interruption time. 

[085] Referring to Fig. 9, at a time T_0 the driver of the vehicle uses the selector 

switch 27 to select the transmission range "high" in the range transfer box 9, the 
latter being in "low" at the time. If the driver selects "low" when the range transfer 
box 9 is already in that condition, the driver's command is ignored by the control 
unit of the drivetrain 1 . 

[086] When the driver's voluntary command is received by the control unit of the 

drivetrain 1, the control unit reduces the drive torque of the engine 2, as 
represented graphically by the variation of the E-Gas-Moment m_mot_e in Fig. 1 0. 

[087] By this reduction of the drive torque of the engine 2, the load on the 

drivetrain 1 is relieved and, at the same time, the torque m_24 at the first shift 
element 24 of the range transfer box 9 becomes zero. When the first shift element 
of the range transfer box 9 is completely unburdened, the first shift element 24 is 
disengaged, producing the neutral condition in the range transfer box 9. The first 
shift element 24, made as a claw clutch, is opened by an electric motor arranged 
in the range transfer box 9. The open condition of the first shift element 24 is now 
detected by a position sensor (not shown). A signal from this position sensor is 
processed in the control unit and shift elements of the automatic transmission 8 to 
be engaged, which are involved in a counter-shift in the automatic transmission 
corresponding to the shift condition in the range transfer box 9, are actuated by the 
control unit. 



[088] The advantages of the procedure that when the ratio of the range transfer 

box 9 is changed a corresponding counter-shift takes place in the automatic 
transmission 8 without any change of the vehicle speed v_fzg, are made clear in 
Fig. 8 by the arrows 28 and 29. When the range in the range transfer box 9 is 
changed from "low" to "high" while the ratio "A6" is engaged in the automatic 
transmission 8, if a counter-shift takes place in the automatic transmission 8 to 
ratio "A3", a connection speed of the engine 2 for the new gear-step of the multi- 
range transmission differs from the engine speed n_mot in the initial ratio "A6L" of 
the multi-range transmission 4 considerably less than would be the case without 
the counter-shift in the automatic transmission 8. 

[089] The connection speed n_mot of the drive engine 2 which would exist without 

a corresponding counter-shift in the automatic transmission 8, is shown by the 
other arrow 29 in Fig. 8. This large speed change is disadvantageous for the 
driving behavior, since the equalization time during which the speed of the engine 
is adjusted to the new speed or connection speed, is much longer than with 
smaller speed differences. The disadvantage arises from the fact that, during this 
equalization time, the drivetrain is not under load and the shift causes a traction 
force interruption which, in some circumstances, can make it impossible to drive 
any further on steep slopes. 

[090] After the unloading of the drivetrain 1 and thus also of the first shift 

element 24 of the range transfer box 9, the engine torque or E-Gas-Moment 
m_mot_e is kept constant and, during a subsequent control phase, it is then 
adjusted, as illustrated schematically in Fig. 10, in such manner that as a function 
of the torque m_mot and also the speed n_mot of the engine 2, synchronization 
of the second shift element 25 of the range transfer box 9 and of the shift elements 
in the automatic transmission 8 to be engaged in order to establish the new ratio 
in the automatic transmission 8 takes place. 

[091] To the torque variations in Fig. 10 there correspond speed variations of the 

individual structural components of the drivetrain 1, which are shown in Fig. 11. 
At a time TJ) when the driver's wish to change the range in the range transfer 
box 9 from "low" to "high" is communicated via the selector switch 27, the shifting 
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process in the multi-range transmission begins in accordance with the driver's 
wish, this process bringing about a change in the speeds or a change in the 
variations of the individual speeds of the structural elements of the drivetrain that 
are involved in the shifting process. 

[092] To change the drive speed n_mot of the engine 2 in the shortest possible 

time, from its speed in the gear of the multi-range transmission 4 in which it is at 
the time T_0 when the voluntary driver command is issued to the connection 
speed of the gear-step of the multi-range transmission 4 to be engaged, the 
transmitting capability of the shift elements of the automatic transmission 8 to be 
engaged and disengaged is adjusted in such manner that the rotation speed n 
mot of the drive engine 2 varies as shown in Fig. 1 1 . 

[093] At time T_1 the speed njnot of the engine 2 has reached the connection 

speed n_mot_a previously calculated in the control unit as a function of the "new" 
transmission ratio of the multi-range transmission 4 and the current vehicle 
speed v_fzg. Here, the vehicle speed v_fzg is determined by ABS sensors or 
other suitable vehicle devices (not shown) present in the vehicle. 

[094] The drive speed n_mot of the engine 2 can be equalized with the 

connection speed n_mot_a substantially more quickly by the procedure described 
above, than would be the case if adjustment were effected via the E-Gas-Moment 
alone. Thus, in the present case the engine 2 is preferably braked by increasing 
the transmitting capability of the shift elements of the automatic transmission 9 to 
be engaged. The shift elements of the automatic transmission 8 to be engaged 
are operated in a so-termed slipping condition and brake the engine 2 to its 
corresponding connection speed in the shortest time. The shift elements of the 
automatic transmission to be engaged are actuated in such a manner that, via a 
controlled filling of the frictional shift elements, sufficient transmitting capability is 
provided. 

[095] At time T_2 the shift elements of the automatic transmission 8 to be 

engaged and the second shift element 25 of the range transfer box 9 are 
synchronous, so that the shift elements of the automatic transmission 8 to be 
engaged and the second shift element 25 can be closed, re-establishing the force 
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flow from the engine 2 to the vehicle's drive output. At the same time, the shift 
elements of the automatic transmission 8 to be disengaged are opened and 
disassociated from the force flow of the drivetrain 1 . 

[096] Another position sensor detects the engagement of the second shift 

element 25 made as a claw clutch and the drive torque of the engine 2, 
i.e., the E-Gas-Moment m_mot_e is then equalized with the required drive torque 
m_mot_f, so the vehicle continues driving with an appropriate drive input speed 
and with the required drive input torque of the engine 2. 

[097] The synchronization of the shift elements of the automatic transmission 8 

and the range transfer box 9 that are involved in the shifting of the multi-range 
transmission 4, described above, is based on the rotation speed variations n_13, 
n_J5, n_J6, n_17, n_18, n_19, n_22 and n_23 shown in Fig. 11. The shifting 
phase in the multi-range transmission 4 begins at time T_0. Here, in contrast to 
the description relating to Fig. 6, the shifting process is not initiated automatically 
but takes place as the result of a driver's voluntary command. When the driver's 
voluntary command to engage the "low" range in the range transfer box 9 is 
issued, a transmitting capability of the shift elements of the automatic transmission 
is established such that the speeds n_13, n_15, n_18, n_19 and the drive 
speed n_mot are reduced. The speed n_13 of the planetary gear support 23 of 
the range transfer box 9 remains essentially unchanged. 

[098] In Fig. 10, the reduction of the drive torque n_mot brought about by 

reducing the E-Gas-Moment m_mot_e leads to unloading of the first shift 
element 24 of the range transfer box 9, so that it can be opened shortly after 
time T_0 and the speed n_22 of the annular gear wheel 22 of the range transfer 
box 9 slowly increases with shifting time toward the speed n_23 of the planetary 
gear support 23 of the range transfer box 9. 

[099] From the time T_1 when the drive speed n_mot of the engine 2 has reached 

the connection speed n_mot_a, the transmitting capability of the shift elements of 
the automatic transmission 8 is adjusted such that the speeds n_15, n_17, n_18 
and n_19 are reduced still further and the speed n_16 of the second solar gear 
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wheel 16 of the second planetary gear set 14 increases toward the speed n_23 
of the planetary gear support 23 of the range transfer box 9. 

[100] At time T_2 the speeds n_15, n_16, n_17, n_18, n_19 and n_22 are equal 

to the speeds n_13 and n_23, so the shift elements of the automatic 
transmission 8 to be engaged and the second shift element 25 of the range 
transfer box 9 are synchronized and can be closed. At the time T_ds the shifting 
of the second shift element 25 of the range transfer box 9 is detected by a position 
sensor and the shifting operation of the multi-range transmission 4 is terminated. 

[101] The two example embodiments described above have the advantage that 

no mechanical synchronizations in the range transfer box are needed, so that drag 
torques and also the fuel consumption are reduced. In addition, the fact that 
mechanical synchronizations are not needed makes it possible to save weight, 
space and costs in the range transfer box made as a claw-shifted transmission 
aggregate. 

[102] Moreover, with the method according to the invention, the traction force 

interruption time during range changes in the range transfer box can be reduced 
considerably compared with conventional methods. In the example embodiment 
according to Figs. 2 to 5, the range change in the range transfer box takes place 
automatically, which advantageously makes things easier for the driver. 

[103] With the version of the method according to the invention shown in Figs. 6 

to 10, the transmission range in the range transfer box can be changed by 
generating a driver's voluntary command to change the range in the range transfer 
box at any vehicle speed with a short traction force interruption time and at the 
same time, after the gear change in the multi-range transmission, the engine 
speed is adapted to the new transmission ratio of the multi-range transmission, 
which results in a considerable improvement of driving comfort and driving safety, 
especially on steep slopes. 



Reference numerals 
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1 Drivetrain 

2 Drive engine 

3 Starting element 

4 Multi-range transmission 

5 Output shaft 

6 Hydrodynamic torque converter 

7 Controlled converter clutch 

8 Automatic transmission 

9 Range transfer box 

10 First planetary gear set 

1 1 Annular gear wheel of the first planetary gear set 

12 Solar gear wheel of the first planetary gear set 

1 3 Planetary gear support of the first planetary gear set 

14 Second planetary gear set 

1 5 First solar gear wheel of the second planetary gear set 

16 Second solar gear wheel of the second planetary gear set 

17 Common annular gear wheel of the second planetary gear set 

18 First planetary gear support of the second planetary gear set 

1 9 Second planetary gear support of the second planetary gear set 

20 Transmission housing 

20A Transmission housing of the range transfer box 

21 Solar gear wheel of the range transfer box 

22 Annular gear wheel of the range transfer box 

23 Planetary gear support of the range transfer box 

24 First shift element of the range transfer box 

25 Second shift element of the range transfer box 

26 Automatic transmission selector lever 

27 Selector switch 

28 Arrow 
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29 Arrow 

30 Circle 

A - E Shift elements of the automatic transmission 
"D" Drive, forward drive 

"A1 "-"A6" Transmission ratios of the automatic transmission 
H "High" range of the range transfer box 
L "Low" range of the range transfer box 
m Torque 

m_mot_e E-Gas-Moment 
m_mot_f Driver-specified torque 

m_24 Variation of the torque of the first shift element of the range transfer box 
m_25 Variation of the torque of the second shift element of the range transfer box 
n Rotation speed 
"N" Neutral 

n_mot Drive input speed of the engine 

n_mot_a Connection speed 

"O" Off-road, forward drive 

"P" Park 

"R" Reverse drive 

T Shifting time 

"T" Time point 

T_ds Shift time point 

v_fzg Vehicle speed 

l-lll Transmission ratio of the multi-range transmission 
lll-L Transmission ratio of the multi-range transmission 

III- H Transmission ratio of the multi-range transmission 

IV- VIII Transmission ratio of the multi-range transmission 



